




























length limits reduced the proportion of creeled 
fish in the protected size ranges by an average 
of 21 % , with especially large reductions occur
ring in Wilkins and Coon lakes (Figure 2). 
Meanwhile, the proportion of creeled fish of 
the same sizes in reference lakes (559-762 mm 
in Julia and 508-762 mm in French Lake) 
increased by an average of 9 % . The difference 
between reference and slot length limit lakes 
was significant (Rank Sum Test P=0.05), 
whereas no large difference was detected 
between the two types of slot length limits 
(Rank Sum Test P=0.20). In lakes with a 508-
762 mm slot length limit, mean length in the 
creel was reduced between 17 and 68 mm 
(Table 3). However, no such reduction was 
found in Medicine Lake under the 559-762 mm 
slot length limit. The mean length of creeled 
fish actually increased by 26 mm in Medicine 
Lake as anglers harvested fish over 500 mm 
that were available in 1993. Before the regula
tion, catch in Medicine Lake was predomi
nately 401-500 mm northern pike, whereas 
after the regulation the most numerous catch 
was 451-550 mm northern pike. 

Experimental regulations did not seem to "'" 
affect the proportion of anglers that were 
specifically fishing for northern pike, but did 
affect spear fishing. Proportions of creel 
survey interviews from anglers fishing for 
northern pike increased in Medicine and North 
Twin lakes (Chi-square test; P=0.00 and 0.08 
respectively), but decreased in Coon Lake 
(P=0.00; Table 2). Changes in the propor
tions were not detected for Sissabagamah and 
Wilkins lakes. While slot length limits did not 
seem to influence proportions of northern pike 
anglers, the limits did deter spear fishers. Only 
three spear fishers were interviewed from slot 
limit lakes while the regulations were in effect 
(Table 2) compared to 48 interviews from pre
regulation swveys. For all slot limit lakes 
pooled, there was a significant decline in the 
proportion of winter interviews from spear 
fishers (Chi-square=25.77; df=l; P=0.00). 
No such difference was found for reference 
lakes (Chi-square = 0.35; df= 1; P=0.56). 

In both pre- and post-regulation creel 
surveys, anglers released a large proportion of 
the northern pike they caught. For each sur-
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vey, between 42 - 89 % of the catch was re
ported to have been released (Table 2). Unex
plained was the fact that release rates did not 
seem to change in slot length limit lakes. The 
average change in release rates among slot 
limit lakes was 0% (range of -10% to 10%). 
The largest increase in the release rate for 
northern pike occurred in a reference lake 
(23 % in Lake Julia). 

Anglers did not take advantage of the 
expanded bag limit of six fish. The proportion 
of angling parties interviewed who kept more 
than three northern pike per person was very 
low. For all lakes with the six fish bag limit 
pooled, < 1 % of the parties kept more than 
three fish per person (5/612 interviews). On 
individual lakes, the proportion ranged from 0 
- 3 % . Interviews were only included if they 
were for completed trips and at least one north
ern pike was caught by the party. 

Non-compliance with the slot size limits 
was higher than expected. During the years of 
the experimental regulations, creel clerks found 
that 6 - 19 % of the fish they measured on each 
lake were illegal fish (average 13 % across all 
slot limit lakes; Table 5 and Figure 2). More
over, between 5 % and 29 % of tag returns were 
from illegal fish (average 19% across all slot 
limit lakes). In spite of the relatively high rates 
of non-compliance, conservation officers 
reported only two violations during the entire 
study period. 

Although non-compliance was relatively 
high, exploitation of similar size fish in refer
ence lakes was much greater (Table 5). In 
reference lakes, 47 - 66% (average 57%) of 
creeled fish and 54 - 85 % (average 70 % ) of tag 
returns were fish of sizes that would have been 
protected by the slot length regulations. 

Changes in the Fish Communities 

Predominant in the fish communities 
were percids, centrarchids, small cyprinids, 
and ictalurids (Tables 6 and 7). White sucker 
Catostomus commersoni, bigmouth buffalo 
Ictiobus cyprinellus, bowfin Amia calva, dart
ers Etheostoma sp. , banded killifish Fundulus 
diaphanus, and brook stickleback Culaea 
inconstans, were sampled in relatively low 
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Figure 2. Length composition of northern pike sampled during creel 
surveys. 
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Table 5. Non-compliance with slot length limits as measured by percentages of illegal (siot-size) northern pike observed 
by creel clerks and tag returns from illegal fish. Reference lakes are also included for comparison, with northern 
pike slot lengths of 559-762 mm used for Lake Julia and 508-762 mm fish used for French Lake. 

1993-94 1994-95 1995-96 
Variable Julia Medicine N.Twin French Sissabagamah Wilkins Coon 

% slot-size fish 
in creel 47 7 19 66 14 19 6 

% tag returns from 
slot-size fish 54 5 14 85 21 29 27 

Table 6. List of common and scientific names of fish found in seven of the north-central Minnesota study lakes. An"X" 
denotes presence of a species in a lake. 

North Sissa-
Common Name Scientific Name Julia Medicine Twin French bagamah Wilkins Coon 

Bowfin Amia calva x x x 
Central mudminnow Umbra limi x x x x x x x 
Northern pike Esox lucius x x x x x x x 
Golden shiner Notemigonus crysoleucas x x x x x x x 
Common shiner Luxilus cornutus x 
Blackchin shiner Notropis heterodon x x x x x x x 
Blacknose shiner Notropis heterolepis x x x x x x x 
Spottail shiner Notropis hudsonius x x x x x 
Spotfin shiner Notropis spilopterus x x 
Mimic shiner Notropis volucellus x x x x 
Bluntnose minnow Pimephales notatus x x x x x x x 
Fathead minnow Pimephales promelas x x x 
White sucker Catostomus commersoni x x x x x x x 
Bigmouth buffalo lctiobus cyprinellus x 
Black bullhead Ameiurus melas x x x x x 
Yellow bullhead Ameiurus natalis x x x 
Brown bullhead Ameiurus nebulosus x x x x x x x 
Tadpole madtom Noturus gyrinus x x x x x x 
Burbot Lota Iota x x 
Banded killifish Fundulus diaphanus x x x x 
Brook stickleback Culaea inconstans x x x x 
Rock bass Ambloplites rupestris x x x x x x 
Pumpkinseed Lepomis gibbosus x x x x x x x 
Bluegill Lepomis macrochirus x x x x x x 
Smallmouth bass Micropterus dolomieu x 
Largemouth bass Micropterus salmoides x x x x x x 
Black crappie Pomoxis nigromaculatus x x x x x x 
Iowa darter Etheostoma exile x x x x x x 
Johnny darter Etheostoma nigrum x x x x x x 
Yellow perch Perea flavescens x x x x x x x 
Walleye Stizostedion vitreum x x x x x x x 
Freshwater drum Aplodinotus gunniens x 
Mottled sculpin Cottus bairdi x 

15 



Table 7. Catch-per-unit-effort for gill netting, trap netting, and electrofishing during late summer in Lake Julia. 

Gill net (#/net) TraQ net (#/net) Electrofishing (#/10 min) 
1988 1993 1988 1993 1988 1993 

Central mudminnow 3.3 
Northern pike 5.9 7.7 0.2 1.1 0.5 0.7 
Cyprinids 13.7 9.2 
White sucker 0.2 0.2 0.1 0.1 
Black bullhead 3.0 0.3 13.6 0.4 
Brown bullhead 66.0 3.9 1.0 0.7 3.5 1.3 
Tadpole madtom 0.4 
Burbot 0.1 
Banded killifish 3.1 0.1 
Brook stickleback 0.2 
Rock bass 11.8 6.3 7.8 1.4 7.6 3.4 
Pumpkinseed 3.9 0.6 3.4 0.2 2.5 0.7 
Iowa darter 0.1 
Johnny darter 0.1 
Yellow perch 119.0 116.3 3.9 1.5 52.9 40.2 
Walleye 7.1 7.6 1.3 0.7 2.9 7.9 

Catch-per-unit-effort for gill netting, trap netting, and electrofishing during late summer in Medicine Lake. 

Gill net (#/net) TraQ net (#/net) Electrofishing (#/10 min) 
1988 1993 1988 1993 1988 1993 

Central mudminnow 0.9 4.2 
Northern pike 8.4 9.5 0.6 0.5 2.1 1.4 
Cyprinids 18.4 8.3 
White sucker 0.8 0.4 0.2 0.3 0.1 
Brown bullhead 2.6 2.9 1.6 0.1 3.9 2.3 
Tadpole madtom 0.4 0.1 
Banded killifish 0.4 0.2 
Brook stickleback 0.1 
Rock bass 0.9· 1.0 1.1 0.1 1.6 2.8 
Pumpkinseed 12.1 6.5 5.8 0.9 2.7 2.6 
Bluegill 0.6 0.6 1.6 0.5 17.6 7 .. 1 
Largemouth bass 1.0 1.0 1.2 0.3 1.7 1.8 
Black crappie 1.8 4.0 0.1 0.1 2.3 2.4 
Iowa darter 0.1 
Johnny darter 0.1 
Yellow perch 3.3 17.3 0.5 0.2 19.3 43.7 
Walleye 3.5 1.9 0.1 0.4 0.1 0.5 
Freshwater drum 0.1 
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Table 7 Continued. Catch-per-unit-effort for gill netting, trap netting, and electrofishing during late summer in North Twin 
Lake. 

Gill net (#/net} Trag net (#/net} Electrofishing (#/10 min} 
1988 1993 1988 1993 1988 1993 

Central mudminnow 0.9 2.0 
Northern pike 6.3 9.0 0.8 1.0 1.7 0.9 
Cyprinids 26.9 42.8 
White sucker 0.1 0.1 0.2 
Brown bullhead 1.0 0.9 0.1 
Tadpole madtom 0.2 
Banded killifish 0.1 
Brook stickleback 0.1 
Rock bass 2.3 7.4 0.4 0.4 6.8 8.2 
Pumpkinseed 2.0 0.8 1.0 0.4 0.7 1.8 
Bluegill 15.7 9.3 13.9 12.0 25.7 45.6 
Smallmouth bass 0.1 0.1 0.1 1.3 0.1 
Largemouth bass 2.7 2.1 0.3 0.9 0.8 2.6 
Black crappie 0.3 0.1 1.3 0.7 
Iowa darter 0.3 
Johnny darter 0.3 
Yellow perch 6.7 11.8 0.2 2.8 21.4 
Walleye 3.4 1.8 0.2 0.2 0.8 0.1 

Catch-per-unit-effort for gill netting, trap netting, and electrofishing during late summer in French Lake. 

Gill net (#/net} Trag net (#/net} Electrofishing (#/10 min} 
1989 1994 1989 1994 1989 1994 

Bowfin 0.3 1.0 1.1 0.6 0.2 
Central mudminnow 2.0 
Northern pike 2.7 6.5 0.6 0.7 2.5 4.5 
Cyprinids 134.3 49.3 
White sucker 0.7 1.4 0.1 1.3 1.3 
Black bullhead 0.3 
Yellow bullhead 0.2 0.5 1.7 0.3 1.0 0.4 
Brown bullhead 1.2 0.3 0.3 0.4 0.1 0.1 
Tadpole madtom 1.7 0.3 
Burbot 0.1 
Brook stickleback 0.7 0.3 
Rock bass 0.1 0.1 0.9 6.0 1.1 
Pumpkinseed 0.9 0.3 3.0 
Bluegill 1.0 8.9 7.6 125.0 124.0 
Largemouth bass 0.2 1.2 1.0 
Black crappie 6.7 8.4 2.8 5.1 8.7 28.0 
Iowa darter 0.3 
Johnny darter 1.3 
Yellow perch 0.8 8.3 0.1 1.9 468.7 425.0 
Walleye 1.2 2.8 0.2 0.1 0.6 0.3 
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Table 7 Continued. Catch-per-unit-effort for gill netting, trap netting, and electrofishing during late summer in Lake 
Sissabagamah. 

Gill net {#/net} 
1989 1994 

Bowfin 0.2 0.3 
Central mudminnow 
Northern pike 6.1 5.4 
Cyprinids 
White sucker 0.4 0.1 
Black bullhead 0.4 0.1 
Yellow bullhead 15.9 10.3 
Brown bullhead 1.9 1.7 
Rock bass 0.3 
Pumpkinseed 2.1 1.2 
Bluegill 3.1 6.4 
Largemouth bass 0.4 0.9 
Black crappie 6.6 3.0 
Yellow perch 0.1 0.4 
Walleye 2.3 1.6 

Trap net {#/net} 
1989 1994 

1.3 

1.0 

2.9 
0.1 
0.3 
4.4 
9.6 
0.2 
1.2 
0.4 

0.4 

1.2 

3.3 
0.5 
0.2 
0.6 
7.4 
0.3 
0.3 

Electrofishinq {#/10 min} 
1989 1994 

2.9 
76.3 

1.8 

0.3 
3.3 

78.0 
0.7 
7.0 

63.0 

0.1 
0.8 
1.3 

19.4 

0.6 
0.1 
1.0 
5.2 

35.0 
1.8 
1.8 

14.0 

Catch-per-unit-effort for gill netting, trap netting, and electrofishing during late summer in Wilkins Lake. 

Gill net {#/net} Trap net {#/net} Electrofishing {#/10 min} 
1989 1994 1989 1994 1989 1994 

Bowfin 0.1 0.1 0.3 0.1 
Central mudminnow 0.1 
Northern pike 4.6 6.3 0.6 0.9 0.5 1.3 
Cyprinids 47.7 145.3 
White sucker 0.1 
Bigmouth buffalo 0.3 0.1 
Black bullhead 0.3 0.1 
Yellow bullhead 6.8 5.7 3.8 1.6 1.8 0.4 
Brown bullhead 1.4 1.1 0.2 1.0 0.1 
Tadpole madtom 0.3 
Banded killifish 0.8 
Rock bass 2.7 1.6 0.3 0.5 1.7 3.0 
Pumpkinseed 0.8 0.4 4.7 1.3 1.7 0.3 
Bluegill 3.0 7.2 37.1 32.0 115.3 87.5 
Largemouth bass 2.0 3.9 1.7 0.4 2.7 1.9 
Black crappie 4.3 3.0 3.3 2.3 2.3 2.8 
Iowa darter 0.3 
Johnny darter 1.0 
Yellow perch 0.1 2.0 0.3 0.8 91.3 226.5 
Walleye 6.1 5.6 0.2 0.3 0.5 
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Table 7 Continued. Catch-per-unit-effort for gill netting, trap netting, and electrofishing during late summer in Coon Lake. 

Gill net (#/net} Tra12 net (#/net} Electrofishing (#/10 min} 
1990 1995 

Central mudminnow 
Northern pike 5.2 8.0 
Cyprinids 
White sucker 0.1 
Black bullhead 8.6 4.9 
Brown bullhead 11.8 18.1 
Tadpole madtom 
Pumpkinseed 1.8 1.8 
Bluegill 8.8 11.5 
Largemouth bass 0.6 0.3 
Black crappie 1.3 0.5 
Iowa darter 
Johnny darter 
Yellow perch 6.7 12.4 
Walleye 1.2 0.7 
Matted sculpin 

numbers. Lake Julia was somewhat unique 
among the study lakes in having no bluegill 
Lepomis macrochirus, largemouth bass 
Micropterus salmoides, or black crappie 
Pomoxis nigromaculatus. Also unique were 
the abundance of smallmouth bass Micropterus 
dolomieu in North Twin Lake and absence of 
rock bass in Coon Lake. Burbot Lota iota, 
freshwater drum Aplodinotus gunniens, and 
mottled sculpin Cottus bairdi were only repre
sented by single individuals in the catch. 
Diversity of fish in the catch from each lake 
ranged from 19 to 28 species. 

In some instances, there were large 
changes in abundance or sizes of different fish 
species caught during pre- versus post-regula
tion sampling (Table 7). In Lake Julia, we 
found relatively large declines in catch of rock 
bass Ambloplites rupestris and brown and black 
bullhead Ameiurus nebulosus and Ameiurus 
me las. Intensive netting for bullhead occurred 
in Lake Julia rafter commercial fishing privi
leges were transferred to a different fisherman 
in 1993. He removed over 3,600 kg of bull
head in May 1993. In Coon lake, much larger 
numbers of small bluegill were found in 1995 
than 1990. Average CPUE for bluegill in 
Coon Lake was 49. 9 fish/ 10 min (SE= 6 .4) 
electrofishing in 1990 compared to 121.9 
fish/10 min (SE=25.5) in 1995. Average 

1990 

0.8 

0.1 

2.6 
8.9 
0.4 
1.3 

0.1 
0.1 
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1995 1990 1995 

1.5 0.8 
0.7 2.0 0.6 
0.1 15.8 75.2 

0.1 
0.1 0.2 
0.3 1.4 0.9 

0.2 0.1 
0.8 1.1 3.8 
5.5 49.9 121.9 
0.7 2.1 5.8 
0.6 5.7 8.3 

0.1 0.8 
0.3 0.1 

0.4 8.0 77.0 
0.1 0.5 0.1 

0.1 

length of the electrofished bluegill in Coon 
Lake was 115 mm (SE=4) in 1990 versus 50 
mm (SE=2) in 1995. 

Differences between pre- and post-regu
lation samples were more commonly found for 
yellow perch Perea flavescens populations. 
Greater numbers of small yellow perch were 
seen during post-regulation electro fishing in 
Medicine, North Twin, Wilkins, and Coon 
lakes (Table 7). Average length of the yellow 
perch shocked in those lakes ranged from 5 8 to 
90 mm during post-regulation sampling. 
Medicine Lake provided the only example 
where increased relative abundance was found 
for both large and small yellow perch. In
creased abundance of large yellow perch was 
evident in gill net catch where the mean length 
of yellow perch gill netted in 1993 was 163 
mm. CPUE increased for both gill netting and 
electrofishing in Medicine Lake. In contrast to 
the other four slot limit lakes, numbers of small 
yellow perch sampled by electrofishing in Lake 
Sissabagamah did not increase. 

Because yellow perch are an important 
food item for northern pike, changes in pike 
populations might be expected to have effects 
on yellow perch populations. Yet, changes in 
sizes and catch rates of northern pike were not 
well correlated with changes in yellow perch 
sizes or catch rates. Significant linear associa-



tions (P<0.05; df=5; r>0.75) were not found 
between changes in northern pike CPUE, mean 
length, or PSD in gill nets and changes in 
yellow perch CPUE and mean length from gill 
netting or electro fishing (Table 8). 

Discussion 

The most readily apparent consequence 
of slot length limits was to reduce exploitation 
of slot-sized northern pike. The reductions in 
exploitation were large as a percentage of pre
regulation exploitation rates, and were also 
relatively large compared to exploitation in the 
reference lakes. Effects of the slot length 
limits were also evident in fish size measured 
in the creels. Even though there was some 
non-compliance with the regulations in slot 
limit lakes, harvest of slot-sized fish were 
much greater in reference lakes. 

After three to four years of regulation, 
the northern pike populations had not yet 
shown any changes in size structure that were 
generally consistent across all of the lakes and 
sampling methods. Gill net catch provided the 
most encouraging sign that slot limits may 
ultimately improve fish sizes. We found in
creased PSDs from gill net catch in the slot 
limit lakes. PSD was a useful metric to con
sider because PSD is less sensitive to catches of 
very small fish than mean length. Spring trap 
netting results, on the other hand, were not 
consistent with the gill net catch because PSD 
and mean length increased in all lakes, includ-

ing the reference lakes. In both reference lakes 
where we obtained spring trapping and late 
summer gill net samples, the increases in fish 
lengths observed in spring were not seen later 
in the summer after the fish had been exposed 
to fishing. Within an individual slot limit lake, 
the most consistent increases in northern pike 
size occurred in Medicine Lake, which also 
had the best record for compliance with the 
regulation. Most fishing pressure on the lake 
was from a resort where the regulation was 
actively promoted by the owner and his clients. 

Previous studies have shown that north
ern pike population dynamics can respond to 
changes in exploitation. Increased harvests 
(primarily from netting) caused changes in 
growth rates or age and size structure of north
ern pike populations in Lake Windermere, 
England (Frost and Kipling 1967) and Lake 
Vastra sjo, Sweden (Otto 1979). Diana (1983) 
related differences in ages of first maturity of 
northern pike to differences in exploitation 
among three Michigan lakes. Minimum size 
limits protecting small northern pike have 
increased abundance of small fish and reduced 
growth rates. A 559 mm (22 inch) minimum 
size limit in Escanaba Lake, Wisconsin, caused 
increased biomass and decreased growth rates 
for northern pike (Kempinger and Carline 
1978). On the other hand, Bucks Lake, Wis
consin, provided an example where a northern 
pike population did not respond to a minimum 
size limit. A 457 mm (18 inch) minimum size 
limit in Bucks Lake had no effect on growth 

Table 8. Matrix of correlation coefficients (r) for northern pike and yellow perch catch in seven north-central Minnesota 
lakes. The number of degrees of freedom was 5 and P>0.05 for all correlations. 

Northern gike gill net catches 
Variable Mean number/ Mean length PSD 

net lift 

Yellow perch gill net catches 
Mean number per net lift 0.25 0.16 -0.09 
Mean length 0.29 -0.10 -0.12 

Yellow perch electrofishing catch 
Mean number per 1 O min 0.14 0.04 0.19 
Mean length -0.17 -0.33 -0.13 
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(Snow and Beard 1972). The northern pike 
population in Bucks Lake was characterized by 
very slow growth of individuals and high total 
mortality rates (average 64 % annually) com
pared to exploitation rates (average 9% annu
ally). In effect, the minimum size limit in 
Bucks Lake only served to protect small, slow
growing fish that had a high rate of natural 
mortality. 

Potential reasons that the northern pike 
populations in our slot limit lakes had not yet 
shown consistent changes in size structure, 
relative abundance, or growth rates include the 
short evaluation period, fluctuating year class 
strengths, and environmental variation. The 
evaluation period was not very long consider
ing that a northern pike's life span can be 10 
years or more, and that northern pike needed 
between two and six years to grow into the 
protected slot size range. Non-compliance 
would also serve to prolong the amount of time 
necessary to change the size structure of a 
population. Fluctuations in catch of small 
northern pike influenced measures such as 
mean length. For example, catch of yearling 
northern pike reduced mean length reported 
from spring trap nets in Wilkins Lake in 1994 
compared to 1989. Adding yet another compli
cating factor, changes in northern pike size 
observed during trapping in French Lake may 
have been influenced by spring water levels. 
Relatively high water levels along with flowing 
water in inlets and outlets to French Lake in 
spring 1994 permitted greater movement of 
spawning northern pike to French Lake from 
connected water bodies. 

Other potential reasons for seeing no 
consistent change in northern pike size in slot 
limit lakes would be loss of fish to hooking 
mortality, or compensatory natural mortality 
with slot-sized fish dying of natural causes even 
if they are le~ unharvested. Hooking mortality 
for northern pike has generally been reported 
as 5 % or less for a variety of angling methods 
(Beukema 1970; Falk and Gilman 1975; 
Weithman and Anderson 1978; Schwalme and 
Mackay 1985; and DuBois et al. 1994). Falk 
and Gilman (1975) reported one case where 
mortality was 11 % for fish caught and released 
with barbless hooks, but the sample size was 
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small (2/ 19 fish). In the worst reported case of 
hooking mortality, DuBois et al. ( 1994) found 
33 % mortality for northern pike caught 
through the ice on Swedish hooks baited with 
smelt Osmerus mordax, a technique not used 
by anglers at our study lakes. The notion of 
compensatory natural mortality acting on slot
size fish runs contrary to the assumption made 
by Pierce et al. ( 1995) that natural mortality 
should be low for large northern pike. In Lake 
Windermere, the gill net fishery (which se
lected for. fish > 550 mm) caused increased 
total mortality, but there was no evidence that 
natural mortality significantly changed (LeCren 
1987). Only by monitoring effects of the slot 
length regulations for a longer time will we be 
able to determine if natural sources of mortality 
can overwhelm our attempts to enhance num
bers of large northern pike. 

Year-to-year and seasonal variations in 
northern pike catchability, rather than the 
regulations, seemed to influence angling catch 
rates and harvests during the first three to four 
years of the slot length limits. In particular, 
the increases in numbers and weight of fish 
harvested in Sissabagamah and Wilkins lakes 
were not expected. We expected instead to 
see reductions in harvest such as those found in 
Medicine, North Twin, and Coon lakes with 
the additional protection afforded by slot length 
limits. Because of the method used to estimate 
harvest, our harvest estimates were closely tied 
to catch rates. 

Except for winter spearing, the slot 
length limits did not seem to have any large 
effects on angling clientele or annual fishing 
efforts. No trend was observed in the propor
tion of interviews in which anglers said they 
were specifically fishing for northern pike and 
catch-and-release rates have remained high 
throughout the study. Nor were changes in 
annual fishing effort linked to the slot limits. 
The most affected clientele were spear fishers. 
They apparently avoided the slot limit lakes 
even though ice conditions were suitable for 
winter spearing, as evidenced from reference 
lakes. 

Creel surveys in this study confirm that 
liberalized bag limits are not a useful tool for 
"thinning out" dense populations of small 



northern pike. Previous arguments against the 
liberalized bag limits included the fact that few 
fishing parties harvested daily limits of north
ern pike under the statewide bag limit of three 
fish (Goeman et al. 1993). 

This study also showed that we face 
problems with angler non-compliance and 
enforcement of special regulations. Promotion 
of the regulations required extensive efforts, 
yet were apparently unsuccessful in reaching 
people and informing them about the regula
tions. Promotion efforts included publication 
of the regulations in annual fishing synopses, 
news releases, posting of red and white signs at 
public accesses, personal contacts with prop
erty owners and a lake association, distribution 
of adhesive rulers showing the slot size limit, 
and distribution of catch-and-release (barbless 
hook) lures attached to cards describing the 
regulations and tips for releasing fish. Loca
tion of Coon Lake within Scenic State Park 
afforded an even higher degree of control and 
visibilty. Promotion efforts in the park con
sisted of a printed flier given to anglers enter
ing the park, personal contacts by park natural
ists, and signs posted at campgrounds and 
picnic areas. In spite of these efforts, enough 
tags from slot-sized northern pike were recov
ered from fish cleaning houses at the park to 
show that some anglers ignored or were oblivi
ous to the regulation. State conservation 
officers did not effectively enforce the regula
tions. 

Management Implications 

Results from this work demonstrate that 
we need to be fully committed to long-'ierm 
studies for evaluating length limit regulations. 
Fish longevity and growth rates, fluctuating 
environmental conditions, and even angler non
compliance with regulations are all factors that 
can prolong the time necessary to adequately 
evaluate length lirµits. Because of the exten
sive amount of background data already col
lected for this study, we recommend extending 
the evaluation period on each lake for another 
10 years. The big question is whether or not 
slot length regulations will ultimately result in 
meaningful changes in northern pike size 
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available to anglers. If sizes are improved, 
then compensatory natural mortality is not an 
important factor. 

Post-regulation creel surveys showed that 
the liberalized six fish bag limit was seldom 
used, and therefore had little chance of influ
encing the pike populations in this study. To 
simplify the regulations, we recommend that 
the expanded bag limits revert to the statewide 
bag limit. 

One of the future visions for fisheries 
management in Minnesota is an increased 
reliance on individual lake management and 
special regulations. Levels of non-compliance 
in this study show that individual lake manage
ment is going to require a fishing public that is 
more aware of special management and recep
tive to special regulations. As evidenced in 
Medicine Lake, self promotion of the regula
tion among anglers was more effective than our 
efforts. The high level of compliance and the 
concurrent changes in fish sizes in Medicine 
Lake was encouraging, especially considering 
the poor initial population size structure found 
in Medicine Lake. 



References 

Anderson, R. 0. 1976. Management of small 
warm water impoundments. Fisheries 
1:5-7. 

Anderson, R. 0., and S. J. Gutreuter. 1983. 
Length, weight, and associated structural 
indices. Pages 283-300. In L.A. Nielsen 
and D. L. Johnson, editors. Fisheries 
techniques. American Fisheries Society, 
Bethesda, Maryland. 

Anderson, R. 0., and A. S. Weithman. 1978. 
The concept of balance for coolwater fish 
populations. American Fisheries Society 
Special Publication 11 :371-381, Bethesda, 
Maryland. 

Beukema, J. J. 1970. Acquired hook-avoid
ance in the pike Esox Lucius L. fished with 
artificial and natural baits. Journal of 
Fish Biology 2:155-160. 

Beyerle, G. B. 1978. Survival, growth, and 
vulnerability to angling of northern pike 
and walleyes stocked as fingerlings in 
small lakes with bluegills or minnows. 
American Fisheries Society Special Publi
cation 11: 135-139, Bethesda, Maryland. 

Cochran, W. G. 1977. Sampling techniques, 
third edition. John Wiley and Sons, New 
York. 

Diana, J. S. 1983. Growth, maturation, and 
production of northern pike in three 
Michigan lakes. Transactions of the 
American Fisheries Society 112:38-46. 

Diana, J. S. 1987. Simulation of mechanisms 
causing stunting in northern pike popula
tions. Transactions of the American 
Fisheries Society 116:612-617. 

· DuBois, R. B., T. L. Margenau, R. S. Stew
art, P. K. Cunningham, and P. W. Ras
mussen. 1994. Hooking mortality of 
northern pike angled through ice. North 
American Journal of Fisheries Manage
ment 14:769-775. 

Eder, S. 1984. Effectiveness of an imposed 
slot length limit of 12.0-14.9 inches on 
largemouth bass. North American Jour
nal of Fisheries Management 4:469-478. 

Falk, M. R., and D. V. Gillman. 1975. Mor
tality data for angled Arctic grayling and 
northern pike from the Great Slave Lake 

23 

area, Northwest Territories. Canada 
Fisheries and Marine Service, Resource 
Management Branch, Central Region, 
Data Report Series CEN/D-75-1, Ottawa. 

Pleiss, J. L. 1981. Statistical methods for 
rates and proportions, second edition. 
John Wiley and Sons, New York. 

Frost, W. E., and C. Kipling. 1967. A study 
of reproduction, early life, weight-length 
relationship and growth of pike, Esox 
Lucius L., in Windermere. Journal of 
Animal Ecology 361 : 651-693. 

Goeman, T. J., P. D. Spencer, and R. B. 
Pierce. 1993. Effectiveness of liberal
ized bag limits as management tools for 
altering northern pike population size 
structure. North American Journal of 
Fisheries Management 13: 621-624. 

Grimm, M. P. 1981. The composition of 
northern pike (Esox Lucius L.) populations 
in four shallow waters in the Netherlands, 
with special reference to factors influenc
ing O+ pike biomass. Fisheries Manage
ment 12:61-76. 

Headrick, M. R., and R. F. Carline. 1993. 
Restricted summer habitat and growth of 
northern pike in two southern Ohio im
poundments. Transactions of the Ameri
can Fisheries Society 122:228-236. 

Jacobson, P. C. 1992. Analysis of factors 
affecting growth of northern pike in Min
nesota. Minnesota Department of Natural 
Resources, Division of Fish and Wildlife 
Investigational Report 424, St. Paul. 

Kempinger, J. J., and R. F. Carline. 1978. 
Dynamics of the northern pike population 
and changes that occurred with a mini
mum size limit in Escanaba Lake, Wis
consin. American Fisheries Society Spe
cial Publication 11 :382-389, Bethesda, 
Maryland. 

LeCren, E. D. 1987. Perch (Percafluviatilis) 
and pike (Esox Lucius) in Windermere 
from 1940 to 1985; studies in population 
dynamics. Canadian Journal of Fisheries 
and Aquatic Sciences 44(Supplement 
2):216-228. 

Mann, R. H. K. 1982. The annual food con
sumption and prey preferences of pike 
(Esox Lucius) in the River Fromme, 



Dorset. Journal of Animal Ecology 
51 :81-95. 

Martin, R. G. 1958. More fish from farm 
ponds. Virginia Wildlife 19: 10-12, Rich
mond. 

Olson, D. E., and P. K. Cunningham. 1989. 
Sport-fisheries trends shown by an annual 
Minnesota fishing contest over a 58-year 
period. North American Journal of Fish
eries Management 9:287-297. 

Otto, C. 1979. The effects on a pike (Esox 
lucius L.) population of intensive fishing 
in a south Swedish lake. Journal of Fish 
Biology 15:461-468. 

Pierce, R. B., and C. M. Tomeka. 1993. Tag 
loss and handling mortality for northern 
pike marked with plastic anchor tags. 
North American Journal of Fisheries 
Management 13: 613-615. 

Pierce, R. B., C. M. Tomeka, and D. H. 
Schupp. 1995. Exploitation of northern 
pike in seven small north-central Minne
sota lakes. North American Journal of 
Fisheries Management 15: 601-609. 

Ricker, W. E. 197 5. Computation and 
interpretation of biological statistics of 
fish populations. Fisheries Research 
Board of Canada Bulletin 191. 

Schwalme, K., and W. C. Mackay. 1985. 
The influence of angling-induced exercise 
on the carbohydrate metabolism of north
ern pike (Es ox lucius L.). Journal of 
Comparative Physiology 156:67-75. 

Snow, H. E. 1978. A 15-year study of the 
harvest, exploitation, and mortality of 
fishes in Murphy Flowage, Wisconsin. 
Wisconsin Department of Natural Re
sources Technical Bulletin 103, Madison. 

Snow, H. E., and T. D. Beard. 1972. A ten
year study of native northern pike in 
Bucks Lake, Wisconsin including evalua
tion of an 18.0-inch size limit. Wisconsin 
Department of Natural Resources Techni
cal Bulletin 56, Madison. 

Weithman, A. S., and R. 0. Anderson. 1978. 
Angling vulnerability of Esocidae. Pro
ceedings of the Annual Conference South
eastern Association of Fish and Game 
Commissioners 30( 197 6): 99-102. 

24 

Zar, J. H. 1984. Biostatistical analysis, sec
ond edition. Prentice-Hall, Englewood 
Cliffs, New Jersey. 



~3H 328 .I58 no. 454 
Pierce, Rodney 8. 
Initial effects of slot 
length limits for northern 

SH •';) ') Q I5B no . 454 ..::;; ;t,,. ~-.J . 
PiE.~rct~t Rodney 8 
Init:"1al effects of s "1 ot: " 

·1 ~~ngth ·1 -tmits for northern 

DATE ISSUED TO 
~ 

DEMO:) 




